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AN 1995:682631 HCAPLUS 

DN 123:72310 

ED Entered STN: 19 Jul 1995 

TI MOS field-effect transistors 

IN Takagi, Shinichi; Chokai, Akira 

PA Tokyo Shibaura Electric Co, Japan 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 07030104 A2 19950131 JP 1993-169326 19930708 

PRAI JP 1993-169326 19930708 

AB Trenches are formed in doped poly-Si films and in the semiconductor 
substrates underneath such that the trench bottom becomes 
channel regions, insulator films are formed, the dopants (e.g., 
As) are diffused from the poly-Si films into the substrates to form source 
and drain regions, poly-Si is deposited and etched back to fill 
the trenches as gate electrodes, sidewall insulator 
films are formed in the trenches, and metals . (e . g . , 

Ti) are deposited and siliconized in self alignment. The MOSFETs have 
decreased parasitic resistance. 
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AN 2003:845724 HCAPLUS 
DN 140:348752 
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TI Integrating the high-voltage device and low-voltage device by using trench 

isolation structure 
IN Lee, Tzung-Han 

PA United Microelectronics Corp., Taiwan 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI TW 434787 B 20010516 TW 1999-88115358 19990907 

PRAI TW 1999-88115358 19990907 

AB The present invention relates to a manufg. method to improve the 

short-channel effect of the trench gate, which comprises the following: 

providing a conductive type semiconductor substrate, and defining and 

etching this semiconductor substrate; forming a trench on this 

semiconductor substrate followed by forming a gate oxide layer on the side 

wall surface of the trench and the surface of the bottom; filling a 

polysilicon layer and a silicide layer into the trench 

locally, in which the polysilicon and metal silicide 

will fill the trench properly; forming a source/drain in the 

semiconductor substrate, the source/drain being located on both sides of 

the trench gate; covering the insulating layer on top 

of the trench filled with polysilicon layer and 

metal silicide layer; finally, making a lightly-doped 

drain. 
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(54) INTEGRATED CIRCUIT DEVICES HAVING 
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EFFECTIVE WIDTHS AND METHODS OF 
MANUFACTURING SAME 

(75) Inventors: Kang-yoon Lee, Kyungki-do (KR); 
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(57) ABSTRACT 

An integrated circuit device includes a substrate that has a 
trench formed therein. An isolation layer is disposed in the 
trench and covers a first sidewall portion of the trench. A 
gate electrode is disposed on a second sidewall portion of the 
trench. 

24 Claims, 4 Drawing Sheets 
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L34 ANSWER 2 OF 23 WPIX COPYRIGHT 2006 THE THOMSON CORP on STN 
AN 2002-265960 [31] WPIX 
CR 1997-144880 [13] 

DNN N2002-206532 DNC C2002-079202 

TI Contact structure in integrated circuit, includes trench 

isolation region, which lies within the substrate and has trench 
sidewall . 

IN COOPER, K J; ROTH, S S 

PI US 6285073 Bl 20010904 (200231)* 16 H01L029-06 <— 

NOVELTY - A contact structure includes trench isolation 

region, which lies within a first portion of the substrate and has trench 
sidewall. A first portion of source/drain electrode abuts the trench 
sidewall. A portion of conductive member extends adjacent the trench 
sidewall, such that the first portion of the electrode is electrically 
shorted to the first portion of the electrode. 

DETAILED DESCRIPTION - A contact structure comprises semiconductor 
substrate (12), trench isolation region, first field 
effect transistor (76), and conductive member. The trench 
isolation lies within a first portion of the substrate and has 
trench sidewall (24). The transistor has source/drain electrode lying 
within a second portion of the substrate. The electrode has two portions, 
the first portion has greater depth than that of the second portion and 
has less width than that of the second portion. The first portion of the 
electrode abuts the trench sidewall. The conductive member (64, 66) 
overlies the trench isolation region and has a portion 

extending adjacent the trench sidewall. The first portion of the electrode 
is electrically shorted to the first portion of the electrode. 
USE - For use in integrated circuit. 

ADVANTAGE - The horizontal surface area required to contact 
semiconductor devices is minimized without degrading contact resistance by 
utilizing the vertical surface area of the trench sidewall. The inventive 
contact structure allows the fabrication of integrated circuits with 
higher density, low contact resistance, and improved reliability. 

DESCRIPTION OF DRAWING (S) - The drawing shows the cross-sectional 
view of the inventive contact structure. 

Semiconductor substrate 12 

Trench sidewall 24 

Dielectric plug 34 

Conductive member 64, 66 

First field effect transistor 76 

Second field effect transistor 78 
TECHNOLOGY FOCUS - ELECTRONICS - Preferred Components: The conductive 
member further comprises second portion overlying the electrode of the 
transistor. The second portion is electrically shorted to a portion of the 
electrode abutting the major surface of the substrate. The conductive 
member comprises gas electrode for a second field effect transistor (78), 
contact plug, and laminate. The trench isolation 

region comprises dielectric plug (34). The second transistor comprises a 
gate electrode 

TECHNOLOGY FOCUS - INORGANIC CHEMISTRY - Preferred Materials: The contact 
plug comprises tungsten, titanium nitride, titanium silicide, 
and polysilicon. The laminate comprises metal silicide 

layer overlying a polysilicon layer. The dielectric plug comprises silicon 
dioxide and silicon nitride. The gate electrode comprises polysilicon 
layer. 
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DUPD 20040121 DUPW 200404 
TIEN Method of formation of a trench isolation structure 

in an integrated circuit. 
PI EP 646956 ~ Bl 20030129 

PRAI US 1993-130052 A 19930930 

ABEN 

The reliability of integrated circuits fabricated with trench 
isolation is improved by increasing the thickness of the gate 
dielectric overlying the trench corner. After the trench 
isolation region (40, 56) has been formed a thin layer of silicon 
dioxide (44) is chemically vapor deposited over the trench 
isolation region (44) and the adjacent active region (23). A 
transistor gate electrode (46) is subsequently formed over the thin layer of 
silicon dioxide (44). The thin layer of silicon dioxide (44) increases the 
thickness of the gate dielectric that lies between the transistor gate 
electrode (4 6) and the trench corner, and therefore the breakdown voltage of 
the gate dielectric at the trench corner is increased. 



DETDEN . 

In FIG. 9, a second dielectric layer 4 4 is then formed overlying first 
dielectric layer 42, active region 23, and trench isolation 

region 40. In addition, second dielectric layer 44 and first dielectric layer 
42 have a combined thickness of less than. . . two times the thickness of 
second dielectric layer 44. This is because the area between the trench plug 
and the trench corner is filled or plugged by second 

dielectric layer 44. Therefore, the breakdown voltage of the gate dielectric 
lying between the trench corner. . . increased. In a preferred embodiment 
first transistor gate electrode 4 6 comprises polysilicon. Alternatively, 
transistor gate electrode 36 may be a metal, a metal 
silicide, a metal nitride, or a composite of polysilicon 
and a metal, or a composite of polysilicon and a metal 
silicide, or a composite of polysilicon and a metal nitride. As shown 
in FIG. 9, transistor gate electrode 46 overlies second deposited dielectric 
layer 44, active region 23, and trench isolation region 
40. 
DETDEN 

[0011] In FIG. 5, a trench fill material 32 is then 

formed overlying etch stop layer 16 and trench liner 28, such that 

trench 22 is substantially filled. In a preferred 

embodiment, trench fill material 32 is chemically vapor 

deposited silicon dioxide, which is deposited using ozone and 

tetraethylorthosilicate (TEOS) as source gases. Alternatively, trench 

fill material 32 may also be another dielectric material, such as 

germanium oxide, spin-on-glass, et cetera, or a combination of different 

materials such as polysilicon and silicon dioxide. In addition, 

trench fill material 32 may be formed using other 

techniques such as plasma enhanced chemical vapor deposition, electron 
cyclotron resonance deposition, or. 
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(57) ABSTRACT 

The invention relates to a method of forming a trench filled 
with a thermally conducting material in a semiconductor 
substrate. In one embodiment, the method includes filling a 
portion of the trench with a thermally conducting material 
and patterning a contact to the thermally conducting mate- 
rial. The invention also relates to a semiconductor device. In 
one embodiment, the semiconductor device has a trench 
defining a cell region, wherein a portion of the trench 
includes a thermally conducting material, and a contact to 
the thermally conducting material. The invention further 
relates to a semiconductor device and a method of forming 
a semiconductor device with an interlayer dielectric that is 
a thermally conducting material. 

12 Claims, 8 Drawing Sheets 
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TIEN Method of selectively exposing the sidewalls of a trench and its use to 

the forming of a metal silicide substrate contact 

for dielectric filled deep trench isolated 

devices . 

PI EP 166983 Bl 19920826 

PRAI US 1984-626271 A 19840629 

ABEN 

Deep trenches (14, 15) are formed according to the desired pattern 
through the N epitaxial layer (13) and N+ subcollector region (12) into the 
P- substrate (11) of a silicon structure (10) . Where a substrate contact is 
needed, the trenches delineate a central stud (16) or mesa of silicon 
material. Channel stop regions (18) are formed e.g. by ion implantation of 
boron atoms at the bottom of trenches. Si02 and Si3N4 layers (17, 19) are 
then deposited on the whole structure. A substrate contact mask is applied 
end patterned to selectively expose one side of the trench sidewalls, the 
bottom of the trenches adjacent thereto and others areas if desired such as 
the top surface of the stud. The composite Si02/Si3N4 layer is then etched to 
leave exposed only the sidewalls of the stud, et least partially the bottom 
of the trenches adjacent thereto and the top surface of the stud. Platinum is 
deposited preferably via sputter deposition, conformally coating all regions 
of the structure. After sintering, the unreacted platinum is removed using 
wet chemical etch (aqua regia) . Platinum silicide is left in all opened 
contacts and on the stud sidewalls where its defines a metal 
silicide lining (25) or cap, covering the stud. This lining 

connects the top surface (25a) of the stud, with the channel stop implanted 
regions (18) and thence forms the desired substrate contact. 
17. The process of claim 16 further comprising the steps of : 

blanket depositing a layer (25) of a silicide forming 
metal; 

sintering the structure to produce metal silicide 
wherever said metal contacts silicon; and, 

removing the unreacted metal, leaving a metal 
silicide cap covering the stud and channel stopper regions, 
therefore providing an electrical contact between the top side of the 
structure and. 

20. The process of claim 19 further comprising the step of filling 

the trenches with polyimide and reactively ion etching in 

an 02 plasma the polyimide in excess to let exposed the top part of 

said metal silicide cap to be used as a 

substrate contact. 
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Metal silicide channel stoppers for integrated 
circuits and method for making the same. 
EP 166142 Bl 19910904 

US 1984-626278 A 19840629 



ABEN 



Disclosed is the use of metal silicide (e.g. Pt-Si) 
contacts in boron lightly doped P- type silicon between two contiguous but 
not adjacent N+ type regions instead of employing the usual P+ implanted or 
diffused channel stoppers. The invention finds a particularly interesting 
application in polyimide filled deep trench 
isolated integrated circuits. 

CLMEN ... of said insulating layer (20) from the bottom of said trench; 
and, 

forming a channel stopper (22a) consisting of a metal 
silicide rectifying contact of an appropriate metal at the 
bottom of said trench where said material was removed. 

7.. . . composite insulating layer formed on the sidewalls of the said 
trench; said structure characterized in that it further includes a 
metal silicide rectifying contact in intimate contact with 
said exposed portion of said substrate. 

8. The semiconductor structure of claim 7 wherein the thickness of said 
metal silicide rectifying contact is in the 50-150 nm 
range . 
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[57] 



ABSTRACT 



A method or process is provided for making a semicon- 
ductor structure which includes the steps of forming in 
a semiconductor body a P/N junction and an opening in 
an insulating layer disposed on the surface of the semi- 
conductor body. A trench is then formed in the semi- 
conductor layer having a sidewall located along a given 
plane through the opening and through the P/N junc- 
tion. An insulating material is disposed within the 
trench and over the insulating layer and a block or 
segment of material is located over the trench so as to 
extend a given distance from the trench over the upper 
surface of the body. The insulating material and the 
block are then etched so as to remove the block and the 
insulating material located along the sides of the block. 
A layer of low viscosity material is formed over the 
semiconductor body so as to cover the remaining por- 
tion of the insulating material, the layer of low viscosity 
material and the insulating material having similar etch 
rates. The layer of low viscosity material and the insu- 
lating material are then simultaneously etched direc- 
tionally until all of the layer of low viscosity material is 
removed. Metallic contacts may now be formed on the 
surface of the semiconductor body without the concern 
that the metallic material will seep or enter into the 
trench causing a short at the P/N junction. 

20 Claims, 9 Drawing Figures 
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[57] ABSTRACT 

A method of manufacturing a semiconductor device, 
comprising the steps of sequentially forming a buried 
region and an epitaxial layer on a major surface of a 
semiconductor substrate, forming a conductive layer 
along an annular trench extending to the buried region, 
filling the annular trench with an insulating material and 
forming a functional element in said epitaxial layer sur- 
rounded by said buried region and said insulating mate- 
rial within said annular trench. In this method, the step 
of forming the conductive layer along the annular 
trench is carried out by the steps of forming an annular 
trench extending through said buried region, and depos- 
iting a conductive layer on only a side wall surface of 
said annular trench. 

5 Claims, 14 Drawing Figures 
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AN 1987-359331 [51] WPIX 

DNN N1988-027740 DNC C1988-016303 

TI Semiconductor device mfr., esp. recessed gate device - by forming grooves 

and forming silicide metallisation in the groove bottoms. 
DC L03 Ull U12 U13 
PA (SYLV) GTE LAB LTD 
CYC 2 

PI JP 62262468 A 19871114 (198751)* 9 <— 

US 4713358 A 19871215 (198806) <-- 

ADT JP 62262468 A JP 1987-106501 19870501; US 4713358 A US 1986-858762 
19860502 

PRAI US 1986-858762 19860502 

IC H01L021-28; H01L029-80 

AB JP 62262468 A UPAB: 19930922 

Semiconductor device, esp. a recessed gate static induction transistor is 
formed by: forming a low resistivity layer of first type an a high 
resistivity epitaxial layer of first type grown on a low resistivity Si 
substrate of first type; etching parallel grooves (20) through the low 
resistivity layer into the epitocial layer; implanting zones (30) of 
second type at the bottoms of the grooves; forming oxide (33) on the 
groove sidewalls leaving exposed Si at the groove bottoms and ridge 
surfaces; depositing a silicide-f orming metal (35) ; 
rapidly annealing to form silicide (35A) at the Si surfaces; and 
removing unreacted metal from the non-silicide areas. 

ADVANTAGE - Method overcomes prior art difficulty of providing good 
groove bottoms metallisation while leaving no metal an the groove 
sidewalls. (First major country equivalent to J62262468-A) 
7/8 

ABEQ US 4713358 A UPAB: 19930922 

Semiconductor device, esp. a recessed gate static induction transistor is 
formed by: forming a low resistivity layer of first type an a high 
resistivity epitaxial layer of first type grown on a low resistivity Si 
substrate of first type; etching parallel grooves (20) through the low 
resistivity layer into the epitocial layer; implanting zones (30) of 
second type at the bottoms of the grooves; forming oxide (33) on the 
groove sidewalls leaving exposed Si at the groove bottoms and ridge 
surfaces; depositing a silicide-f orming metal (35); 
rapidly annealing to form silicide (35A) at the Si surfaces; and 
removing unreacted metal from the non-silicide areas. 

ADVANTAGE - Method overcomes prior art difficulty of providing good 
groove bottoms metallisation while leaving no metal an the groove 
sidewalls. (First major country equivalent to J62262468-A) 



United States Patent [19] [li] Patent Number: 4,589,193 

Goth et al. [45] Date of Patent: May 20, 1986 



[54] METAL SIUODE CHANNEL STOPPERS 
FOR INTEGRATED CIRCUITS AND 
METHOD FOR MAKING THE SAME 

[75] Inventors: George R. Goth; Thomas A. Hansen; 

Robert T. Villetto, Jr., all of 
Poughkeepsie, N.Y. 

[73] Assignee: International Business Machines 
Corporation, Armonk, N.Y. 

[21] Appl. No.: 626,278 

[22] Filed: Jnm 29, 1984 

[51] Int Cl.< H01L 21/76; H01L 21/94 

[52] U.S.O. 29/576 W; 29/578; 

29/580; 148/DIG. 19; 148/DIG. 85; 148/DIG. 

86; 357/49 

[58] Field of Search 29/576 W, 580, 578; 

148/DIG. 19, 147, 50, 117, DIG. 85; 427/88; 

357/49, 67 S 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,381,182 4/1968 Thornton .. 317/234 

3,653,120 4/1972 Sirrine 29/589 

4,446,476 5/1984 Isaac et al 357/67 S 

4,471,525 9/1984 Sasaki '. 29/576 W 

4,473,598 9/1984 Ephrathetal 29/576 W 

4,476,622 10/1984 Cogan 29/578 



4,519,128 5/1985 Chesebro et al 29/576 W 

4,549,927 10/1985 Goth et al 29/576 W 

OTHER PUBLICATIONS 

Abbas, "Recessed Oxide Isolation Process" IBM Tech- 
nical Disclosure Bulletin vol. 20, No. 1 6/77. 
IBM TDB Dec. 1981 pp. 3841-3843. 
IBM TDB May 1983 pp. 6611-6614. 
IBM TDB Jan. 1983 pp. 4405-4406. 

Primary Examiner—Brian E. Hearn 
Assistant Examiner — Hunter L. Auyang 
Attorney, Agent, or Firm — Robert J. Haase 

[57] ABSTRACT 

Disclosed is the use of metal silicide (e.g. Pt-Si) contacts 
in boron lightly doped P~ type silicon between two 
contiguous but not adjacent N+ type regions instead of 
employing the usual P+ implanted or diffused channel 
stoppers. The invention finds a particularly interesting 
application in polyimide filled deep trench isolated inte- 
grated circuits. 

The trench sidewalls are coated with an insulating ma- 
terial which is removed from the trench bottom at the 
all contact etch step. The Pt-Si is formed at the bottom 
of the trenches at the same time that the device contacts 
are made. 

12 Claims, 9 Drawing Figures 
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AN 2004-338020 [31] WPIX 
DNC C2004-128329 

TI Method for fabricating heterojunction bipolar transistor. 
DC L03 Ull U12 U13 
IN CHA, H S 

PA (HYNI-N) HYNIX SEMICONDUCTOR INC 
CYC 1 

PI KR 2003092528 A 20031206 (200431)* 1 H01L029-737 

ADT KR 2003092528 A KR 2002-30221 20020530 

PRAI KR 2002-30221 20020530 

IC ICM H01L029-737 

AB KR2003092528 A UPAB: 20040514 

NOVELTY - A method for fabricating a heterojunction bipolar transistor 
(HBT) is provided to easily fabricate a bipolar complementary metal oxide 
semiconductor (BiCMOS) device employing CMOS and HBT by simplifying the 
process for forming a silicon germanium HBT and by simultaneously 
embodying the CMOS and the HBT 

DETAILED DESCRIPTION - An N+ silicon epi-layer (22) and an N-silicon 
epi-layer (23) are sequentially grown on a substrate (21) . The N-silicon 
epi-layer, the N+ silicon epi-layer and the substrate are etched to form a 
first trench. Silicon is filled in the first 
trench. Predetermined portions of the N-silicon epi-layer 
including the first trench portion are etched to form the second 
trenches. An oxide layer is filled in the 

second trenches. An ion implantation mask exposing a collector 

formation region is formed on the N-silicon epi-layer. N-type impurity 

ions are implanted into the exposed region to form a collector region 

(27) . A silicon germanium (SiGe) layer (28) and a silicon epi-layer (29) 

are sequentially formed on the exposed N- silicon epi-layer region except 

the collector region. A polysilicon layer (30) and a tetraethoxysilane 

(TEOS) layer are sequentially formed. The TEOS layer, the polysilicon 

layer, the silicon epi-layer and the SiGe layer are patterned to form an 

emitter (32) on the N- silicon epi-layer region. P 

-type impurity ions are implanted into the N-silicon epi-layer 

region at both sides of the emitter to form a base region (34) . The TEOS 

layer is removed and a spacer is formed on both sidewalls of the 

emitter. Metal silicide (36) is formed on the collector region, 

the base region and the emitter. 

Dwg.1/10 
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AN 2003-626462 [59] WPIX 

DNN N2003-498528 DNC C2003-171192 

TI Photodetector, useful for optical communications, comprises buried 

insulator formed on substrate, buried mirror on the buried insulator, 
semiconductor-on-insulator layer, and backside contact to one of n 
-type and p-type doped fingers. 

DC L03 U13 

IN COHEN, G M; RIM, K; ROGERS, D L; SCHAUB, J D; YANG, M 
PA (IBMC) INT BUSINESS MACHINES CORP 
CYC 1 

PI US 2003122210 Al 20030703 (200359)* 25 H01L031-06 

US 6667528 B2 20031223 (200408) H01L031-058 

NOVELTY - Photodetector comprises: 

(a) a buried insulator formed on a semiconductor substrate; 

(b) a buried mirror on the buried insulator; 

(c) a semiconductor-on-insulator (SOI) layer formed on the conductor; 

(d) alternating n-type and p-type doped fingers 
formed in the SOI layer; and 

(e) a backside contact to one of the n-type and p 
-type doped fingers. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(a) a method of forming a photodetector, which comprises forming a 
wafer with a buried mirror and a buried oxide; etching 

trenches in the wafer; filling trenches with a 

sacrificial dopant source material of a first type; etching the dopant 
source material of the first type from a portion of the trenches 
; filling' the portion of the trenches with a 

sacrificial dopant material of a second type; diffusing dopant from the 
sacrificial dopant material of the first type into trench walls to form a 
junction of the first type and diffusing dopant from the sacrificial 
dopant material of the second type into trench walls to form a junction of 
the second type; etching the sacrificial material from all of the 
trenches; siliciding walls of the trenches; forming 

metal plugs in the trenches; and providing separate contacts to a first 
set of trenches and a second set of trenches; 

(b) a chip comprising a chip substrate and a photodetector formed on 
the chip substrate; and 

(c) an optoelectronic device comprising a substrate having a via for 
alignment of a fiber to it. 

USE - The photodetector is useful for optical communications, 
particularly in a complementary metal oxide semiconductor (CMOS) chip, a 
bipolar chip or a bipolar CMOS chip (Claimed) . 

ADVANTAGE - The photodetector is compatible with silicon processing. 
It has a reduced junction capacitance and lower series resistance, 
exhibits a higher quantum efficiency and allows efficient coupling of an 
optical fiber. 

DESCRIPTION OF DRAWING (S) - The figure illustrates a 
semiconductor-on-insulator trench detector with a 
buried mirror and a backside contact. 
Dwg. 3a/12 

TECH US 2003122210 A1UPTX: 20030915 

TECHNOLOGY FOCUS - ELECTRONICS - Preferred Components: The SOI comprises 
silicon-on-insulator . The mirror comprises metal or a dielectric stack. It 
is corrugated at a surface adjacent the buried insulator. The fingers 
include a portion formed of silicide. The fingers comprise alternating 
p-type and n-type doped silicon, two silicide films 
respectively formed adjacent the alternating p-type and 
n-type doped silicon, and a metal plug formed adjacent the 
silicide films. The photodetector further comprises a second buried 
insulator formed on the mirror. 
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AN 2003-182195 [18] WPIX 

DNN N2003-143329 DNC C2003-047913 

TI Manufacture of vertical power metal oxide semiconductor field effect 

transistor involves introducing sidewall doping process. 
DC L03 Ull U12 
IN TSUI, B 

PA (EPIS-N) EPISIL TECHNOLOGIES INC 
CYC 1 

PI US 6489204 Bl 20021203 (200318)* 10 H01L021-336 

ADT US 6489204 Bl US 2001-932727 20010820 

PRAI US 2001-932727 20010820 

IC ICM H01L021-336 

AB US 6489204 B UPAB: 20030317 

NOVELTY - A vertical power metal oxide semiconductor field effect 
transistor (MOSFET) is made by forming a silicon oxide layer on 
polysilicon exposed sidewalls, forming an N+ source area through ion 
implantation by an ion beam, forming insulating spacers on 
trench walls, implanting acceptor ions, and forming a silicide 
contact to the polysilicon and a single silide contact. 

DETAILED DESCRIPTION - Manufacture of a vertical power MOSFET 
comprises : 

(i) providing a silicon wafer having an N+ bottom layer (11), an 
N type middle layer (12), and a P body (13) top layer 

having an upper surface; 

(ii) forming a pad oxide layer (14) on the P body top layer, and 
depositing a silicon nitride layer; 

(iii) patterning the silicon nitride and pad oxide layers to form a 
mask that defines a trench, having a floor and sidewalls, and then etching 
the trench to a depth to extend into the N type middle layer; 

(iv) forming a first silicon oxide layer (21) on the floor and 
sidewalls; 

(v) overfilling the trench with polysilicon and etching back the 
polysilicon (22) until it under-fills the trench; 

(vi) removing from the sidewalls all exposed silicon oxide; 

(vii) forming a second layer of silicon oxide on the polysilicon 
exposed sidewalls, where all polysilicon in the trench is encapsulated in 
a silicon oxide layer; 

(viii) forming an N+ source area (51) through ion implantation by an 
ion beam, part of which overlaps and abuts the polysilicon encapsulating 
oxide layer then removing the silicon nitride layer (15); 

(ix) depositing a conformal layer of a dielectric material and 
selectively removing all dielectric material on horizontal surfaces where 
insulating spacers (71) on the walls of the trench are formed; 

(x) implanting acceptor ions to form a P+ region that abuts 
the N+ source area; and 

(xi) forming a silicide contact (91) to the polysilicon and a single 
silide contact to both the N+ source area and to the P 

+ region. 

USE - For manufacturing a vertical power MOSFET used in power 
electronics systems. 

ADVANTAGE - The method provides a MOSFET having higher cell density, 
higher speed, easy scalability, and wide application. It reduces the 
source width, minimizes gate resistance, and minimizes the contact number 
and contact resistance. The sidewall doping process eliminates the need 
for a source implantation mask while the sidewall spacer 
facilitates silicide formation at the source, P body contact, 
and polysilicon gate, simultaneously. 

DESCRIPTION OF DRAWING (S) - The figures show part of the polysilicon 
removed, the structure at the completion of source formation, and the 
completed device with silicide contacts. 

N+ bottom layer 11 
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N type middle layer 12 
P body 13 

Pad oxide layer 14 

Silicon nitride layer 15 

Silicon oxide layer 21 
Polysilicon 22 

N+ source area 51 
Spacers 71 

Silicide contact 91 
3, 6, 9/9 

US 6489204 Bl UPTX: 20030317 

TECHNOLOGY FOCUS - ELECTRONICS - Preferred Process: The ion beam is 
directed at the silicon wafer at 30-60degrees while the wafer rotates 
relative to the beam. The ion beam is arsenic ions having an energy of 
30-80 kV, and deposited to achieve a concentration of 5x1019-5x1020 
ions/cc. The overfilling step is replaced by overfilling the trench with 
polysilicon, then planarizing the wafer until there is no polysilicon 
outside the trench, and then removing polysilicon from the trench by 
reactive ion etching or chemical etching. A punch through implantation is 
added after step of depositing a conformal layer and before step of 
implanting acceptor, thus enabling source to source spacing to be reduced. 
Preferred Component: The insulating spacers extend upwards from the 
polysilicon as far the upper surface of the wafer, or as far as 0.1-0.3mum 
below the upper surface of the wafer. 

TECHNOLOGY FOCUS - INORGANIC CHEMISTRY - Preferred Material: The 
dielectric material is silicon oxide or silicon nitride. The silicide 
contact is titanium silicide, cobalt silicide, or nickel silicide. The 
diffusion source is phosphorus oxychloride gas. 

TECHNOLOGY FOCUS - CERAMICS AND GLASS - Preferred Component: The diffusion 
source is a layer of glass from phosphosilicate glass or arsenosilicate 
glass . 



